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ENGINEERING DEVELOPMENT IN THE 
PETROLEUM INDUSTRY.* 


By CuristopHer M.I.E.E. 


TE Institute of Petroleum Technologists was incorporated in 1914, and 
in that year I entered the petroleum industry. It is appropriate, therefore, 
for me to commence my address from that date, and in retrospect and by 
reminiscence interest the younger members and revive and refresh the 
memories of the older members of the Institute. Perhaps in the broader 
scope of the Institute it may even be of some educational value. 

The application and ready absorption of up-to-date engineering practice 
in all its forms have been an important factor in the establishment of the 
petroleum industry in the position which it now occupies. I propose to 
deal with this survey as a form of cavalcade, directing attention to mile- 
stones on the road of progress, and to take the various branches of the 
Institute’s activities in their natural sequence. * 


Geology. 


The geologist in 1914 had only his skill, knowledge, experience, and 
gourage to help him to locate an elusive material which, being in mast cases 
fluid, is capable of migration. It was not until 1920 or even later that he 
received additional assistance by the adaptation of scientific and electrical 
discoveries. To-day, in addition to geophysical methods, such as the 
sismograph and torsion balance and magnetometer, the exploration 
geologist has the advantage of a geo-electric method of soil analysis. The 
torsion balance was originally a purely scientific instrument, and in 1924 
the inventor was very disturbed because, as he said, his scientific instrument 
had been degraded to commercial use. 

The geo-electric method of soil analysis has only recently become 
available, and it calls for more than a passing mention. Some time ago, 
I believe, the Russians discovered that what were thought to be impervious 
rocks and clays were really in geological time open to the transference of 
gases, and permitted the leakage of gases to the upper strata. The geo- 
electric method of soil analysis enables a rapid and accurate investigation 
to be made, particularly where gases are present in extremely small quanti- 
ties, mixed with other gases and vapours. In such cases a chemical 
analysis, even if possible, is slow and tedious, and requires large quantities 
of the material to be available. This method is based on the principle 
that the ion-mobility of a gas is directly proportional to the molecular 
weight of the gas, and by electrical means a gaseous mixture can be divided 
into the constituent gases in accordance with their molecular weights. 
fons are produced in the mixture. The ions of the different constituent 
gases are grouped by virtue of their different ion-mobilities. The groups 
of the ions are selectively collected on different electrodes, and the charge 
imparted to the electrode is measured. This is a measure of the quantity 
of gas present having that particular ion-mobility. 


* Address delivered by the President at a mecting of the Institute on Ist 
December, 1942. 
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Whilst in theory this may sound somewhat abstruse, in practice it is 
very simple. The sample is placed in a rectangular chamber, and an 
electric field is produced between electrodes on opposite sides of the chamber, 
The gases are ionized. The field is then changed over to the opposite side 
of the chamber. This results in the gases being immediately identifiable 
and arranged in their correct order. It will be realized that this method 
has applications in many directions. 

The geologist can therefore, with his knowledge of the structure gained 
from his experience and previous methods and from his soil analysis, site 
his drilling location not only with considerablg accuracy, but with greater 
certainty than ever before that oil will be located. 

The exploitation geologist has an important subsidiary equipment 
in the electric coring or well-survey apparatus, the gamma-ray, and an 
electrical inclinometer which gives a graphic record of deviation correctly 
orientated. 

Electrical well surveying is an adaptation to this purpose of well-known 
electrical laws. Primarily, and in its simplest form, the apparatus measures 
electrical resistivity. For example, a sand impregnated with salt water 
has a lower resistivity than one impregnated with oil. The whole depth 
of the well is so surveyed by lowering an electric cable and electrodes into 
the hole, which is uncased and full of fresh-water mud while the survey is 
being mgde. A graphic diagram is thus produced of the whole depth of 
the well. Refinements and improvements consist in additional measure- 
ments simultaneously to correct the “‘ masking ” effect of the fresh-water 
mud. As the fresh-water mud plasters the side of the hole in drilling, it 
may have, from an electrical point of view, an insulating effect over, for 
instance, the surface of a salt-water sand. The additional curve which is 
produced, so to speak, climbs behind the mud and gives a correct inter- 
pretation of the various strata behind it. Hand operation is now replaced 
by photographic automatic recording, which enables the survey to be made 
at a relatively high speed and eliminates human errors. 

The diagrams produced must be interpreted by the geologist with a 
knowledge of the particular field, and he has to take into consideration 
a number of factors. The electrode arrangement may require variation, 
as the same arrangement is not necessarily suitable for all fields. No 
reliable way has yet been discovered of calculating production rates from 
the diagrams. Theoretically resistivities should decrease with depth and, 
in general, this is borne out by experience. Also, heavy oil and pitch 
sands show very high resistivities. 

A problem yet unsolved is how to differentiate between gas and oil on 
the diagram. It is not uncommon for a sand to be perforated in the 
exploitation of oil and only gas be produced. These diagrams are only 
empirical, and require correlation, and occasionally diagrams are obtained 
which cannot be interpreted. In such cases an actual sample of the rock 
is necessary, but it is too late to obtain this by coring. 

To meet this requirement there has beer developed a system of shooting 
into the side of the hole at the desired points hollow cylinders attached to 
a barrel by wires. On the barrel being moved up into the hole, the wires 
attaching the cylinders to the barrel pull the cylinder out with a sample 
inside it. This device works quite satisfactorily in practice. The main 
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basis for interpreting these diagrams is that increased resistivity denotes 
oil. Since resistivity is a resultant, it follows that in hard rocks like 


ber. quartzitic sandstones, with inherent high resistivity, it is more difficult 
side to distinguish oil characteristics than it is in non-resistive sands or sand- 
able stones. A great deal of research will be required before any exact inter- 
thod pretation of electric logs will be possible. 
: This apparatus is frequently called an electric coring device, because to 
ined a great extent it eliminates the taking of mechanical cores. Mechanical 
site coring always slowed up drilling speed, and for that reason mechanical 
ater cores were not taken as often as they might have been or as often as the 
geologist wished, and there have been many cases of wells drilled before 
hent electric logging was introduced where oil-sands were *‘ cased off.” 
| an The gamma-ray or radioactivity logging is capable of distinguishing 
ctly between sands and shales through the steel casing. It is based on the 
principle that measurable quantities of radioactive materials are found in 
own all kinds of igneous, metamorphic, and sedimentary rocks. In general, 
ures pure quartz sandstones and pure limestones show very low amounts of 
ater radioactivity. Ordinary shales show high radioactivity. The instrument 
»pth consists of an ionization chamber filled with a mixture of inert gases under 
into pressure, and fitted with insulated electrodes connected externally to an 
y s electrical circuit, and an amplifier of special design. Under ordinary 
h of conditions the gas in the ionization chamber is non-conductive, and no 
ure- current flows between the electrodes. When the ionization chamber is 
ater lowered into a well, gamma-rays partly ionize the gas, and it becomes 
g, it conductive. A measurable current then flows. It is proportional to the 
: for amount of ionization, which in turn is proportional to the amount of 
h is radioactive material in the surrounding rocks. 
ter- When a gamma-ray survey is made, a diagram extremely like the . 
wed electrical survey diagram is obtained. From this it is easy to see where 
ade the cased-off sands in a well are. At present, to ascertain whether they 
contain oil or water is a matter for actual trial. 
h a Steel has an insulating effect on gamma-rays. On this account, the 
Lion position where an extra string of casing is entered or left by the instrument 
on, is very clearly shown on the diagram. 
No Gamma-ray logging affords a remarkable instance of the application of 
fom somewhat abstruse scientific principles to everyday use in oilfields. Its 
nd, use has been made possible by research, together with the production of 
itch recording instruments of extraordinary sensitivity. This is the subject 
of a paper read before the Trinidad Branch and published recently in 
on our Journal. 2 
the Little information can be given here with regard to the electrical inclino- 
nly meter, except that it is also a simple application of electrical and physical 
ned laws. All deviations from the vertical are correctly orientated and re- 
ock corded on a graph or graphs similar to an electrical survey. 
/ In addition, the exploitation geologist has available an electric Tecording 
ing thermometer whereby he can record the rise in temperature when his 
to cement sets, so that he knows that it has set, and he has also an electric 
res gun to perforate the casing for production. 
ple I should utter a word of warning here, in case any budding enthusiast 
ain contemplates buying a few of these instruments and starting out to bécome 
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anexpertatonce. These instruments in the hands of experienced geologists 
are valuable supplementary equipment, but they have little value other. 
wise. They are of particular interest here, as most of them have been 
developed by members of this Institute. 


Drilling. 


Drilling in 1914 was largely carried out by percussion or cable-tool 
drilling. The rotary method, which is the logical engineering method of 
boring a hole in the ground wherever practicable, although first used in 
1901, was still not in common use in 1914, and was, indeed, almost frowned 
upon by the exponents of the percussion system. Now the position is 
changed, although there are still oilfields which, on account of the formation, 
do not permit of the use of a rotary, and in some cases a combination of 
the two methods is used. 

Steam was the universal motive power, generated in the now well- 
known and so-called portable boiler of the locomotive type. 

It is desirable at this point to digress for a moment. It is strange, but 
nevertheless a fact, that the producers of fuel often failed to realize the 
necessity for their own fuel economy, and this failing still persists in some 
directions. At the present time a great public campaign for fuel economy 
is being carried on throughout this country, and it is interesting to recall 
an earlier and a private campaign which probably reached its peak in 
1908-12. At that time a number of what might be called “ efficiency 
disciples ” travelled through the industrial districts of this country, and 
whenever they saw, either by invitation or by gate-crashing, exhaust steam 
escaping from some colliery or steel works they developed their economy 
campaign with the slogan: “‘ Every 40 lb. of exhaust steam represents 
1 h.p.” This exhaust steam, after collection in an accumulator, is passed 
into a steam turbine, which is an appropriate and flexible unit for the con- 
version of such exhaust steam into electrical energy. 

Units as large as 3000 kilowatts have been installed in this country, a 
great portion of their steam energy being obtained from the exhaust from 
winding engines, etc. Thus the economy in steam consumption and fuel 
at a large colliery was very considerable. I hasten to add that those 
conditions of waste no longer exist. 

What an opportunity is presented to the engineer who has been engaged 
in such work as detailed above, to find himself confronted with an oilfield 
on which there are dozens of small batteries of boilers, isolated and at some 
distance from each other! Each battery has to be capable of dealing with 
the maximum requirements of each particular drilling rig. For safety 
reasons it has to be situated a considerable distance from the well to which 
it is supplying steam, and the length of steam pipe between the boilers 
and the well is frequently unlagged or inefficiently lagged. The resultant 
heat efficiency will be probably less than 3 per cent.; in other words, out 
of every 100 B.T.U.s generated in or applied from the boiler, not three 
will be expended usefully at the point of the drill. 

The first step that the engineer would take had he a free hand and the 
necessary capital would be to merge all these batteries of boilers into one 
large battery of boilers of an efficient type, capable of dealing with the 
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average maximum load of all drilling engines at any time, and the necessary 
energy at each well would be supplied naturally through the medium of 
electricity. That has been done in a number of oilfields both inside the 
British Empire and elsewhere, resulting in great economy, safety from fire, 
and the many other advantages contingent upon an electrical supply being 
available. 

The question naturally arises as to why all oilfields are not electrified. 
Thirty years ago the exploitation of an oilfield was considerably more 
speculative than it is to-day. The funds made available for a first opera- 
tion either were used without results or were used with such successful 
results that economies for the time being did not seem to be of great im- 
portance. For various reasons, it has been stated that at that time the 
number of failures due to mechanical or other causes throughout the 
world, was one in every four wells drilled. The position is a very different 
one to-day. In my opinion, a case for electrification could be made out 
at almost any time in the life of an oilfield. 

There are many cases of the application of electricity other than just 
for drilling operations. In those fields which are entirely electrified 
probably not more than 30 per cent. of the electricity is utilized for the 
requirements peculiar to an oilfield, such as drilling. Where wells are 
closely spaced it is possible to establish a battery of boilers on a permanent 
site for perhaps as long as two years. In such cases, with well-lagged pipes 
to the various locations, a reasonably high efficiency can be reached. Even 
if good boiler water is available in quantity and there is ample fuel, such as 
surplus gas, it is still economical to utilize these efficiently, as the life of the 
boiler plant is prolonged thereby and the expenditure for new boilers 
delayed. 

One curious tradition exists in the engineering oil world—that is, giving 
a boiler a size, calling it so many horse-power. It is probably a relic of 
the old American days. Really all that a boiler does is to turn so much 
fuel into so much steam, and it is immaterial whether that steam is used 
in a turbine at 12 lb. per h.p. or in a non-condensing engine at 60 lb. per 
h.p. It is preferable to buy a boiler on its evaporative capacity. 

Another point I should mention is the application of superheated steam. 
In most cases this is merely an attempt to rectify what was initially a 
bad steam lay-out. Superheat is very easily gained and just as easily lost. 
The place to instal the superheater, if it were practical and safe, would be 
almost next-door to the engine to which the steam is being supplied. 

I have been talking a good deal about efficiency, but there are occasions 
when efficiency has to be sacrificed to expediency. There is one field at 
the moment, in which I have some measure of responsibility, where sea- 
water is used to raise steam in Cornish boilers. An interesting point in 
this connection is that with salt-water mud used for drilling it is impossible 
to use the electrical survey apparatus, but the advantage of electrical coring 
is so great that it is profitable to incur considerable expense to provide 
fresh-water mud in the well during the time that the survey is being made. 

The development in drilling plant consists of general improvements, 
making for greater strength and ability to drill to greater depths. The 
troubles with broken drilling jars and all the difficulties that were 
experienced in the old percussion-tool days now appear like a very bad 
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nightmare, almost forgotten. The rotary, on the other hand, can now be 
considered to be a piece of engineering plant. The separate engine drive to 
the rotary table is a notably progressive step, as is also the use of variable 
cut-off to engines operating the mud-pumps. Heavy oil engines have been 
adapted for drilling and operating the mud-pumps. The gearing and 
clutches are a complication in these drives. An oil engine driving an electric 
generator supplying energy to motors will probably be found to be the most 
suitable. Here electricity is being used as.a clutch and gearing of almost 
infinite speed variation. It has the advantage that as a first unit on a new 
oilfield it can form the nucleus of full electrification. Further (a point 
which should have been previously mentioned) all the electrical plant 
required for oilfield work is now completely standardized. 

Considerable progress can be recorded in the development of special 
rock-bits for drilling in hard formations, and in ¢he attachment by welding 
of hard-facing material to reinforce the cutting edges of all bits. 

The drilling superintendent has to deal with all sorts and conditions of 
formations, which vary in many parts of the world. I have known a case 
where the rate of progress in rock was 5 ft. per week, and not very far away, 
geologically speaking, the rate in another formation was 2000 ft. per week. 

Ingenious devices have been developed by members of the Instifute for 
the prevention of blow-outs, drilling in under pressure, and all the other 
operations that one wishes to perform whilst the well is flowing under 
pressure, both for rotary and for percussion drilling. Barytes has become 
popular for increasing the weight of the mud, also for drilling a well in 
under pressure, or for making adjustments whilst the well is under pressure. 
Mud is being used up to 140 lb. per cu. ft., and by the use of quebracho 
the viscosity is reduced so that this mud is easily pumpable. 

Photographs of spectacular blow-outs no longer occupy the best position 
on the Board-room wall. The cost of fishing tools no longer forms a large 
item in the annual budget. Considerable progress has been made in 
directional drilling, particularly where the means of making an electrical 
survey are available. The main well is drilled down to the, ultimate 
depth; then, having run the survey and found out where the various 
horizons of oil are, several ‘‘ pup ” wells, as they are called, are drilled into 
the various horizons,so that oil can be taken from all of them simultaneously. 
Where a fresh-water source is shown by the survey, a well is drilled to pro- 
duce the water for field requirements. In the West Indies and Venezuela 
there are as many as four wells under one derrick. Fysehermore, when 
directional drilling becomes even more developed, with the electrical 
inclinometer, to which I have referred, it will be just as easy to maintain 
the required direction as it is to-day to drill a vertical well; in fact, in 
some respects it will be easier. 

With all this advancement, which has reduced almost to nothing the 
number of failures due to mechanical reasons, what is the important 
factor which has changed the position to the extent that to-day drilling 
plant can be purchased which is guaranteed to drill to 15,000 ft., whereas 
thirty years ago a well of 3500 ft. was considered to be a deep well, and, 
furthermore, there were often failures down to that depth ? “i 

Casing and drill-pipe used in the petroleum industry is, as you all know, 
screwed and coupled, having a tapered thread. To-day there is a standard 
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accepted throughout the world. It is possible to purchase tool-joints and 
couplings in this country to the standard specification which will fit 
accurately with casing or piping produced in America or any other part 
of the world, whereas prior to this standardization there were many 
differences. 

Tapered threads introduced many variations. First, what is the number 
of threads per inch and what is the degree of taper? Are the threads to 
be at right angles to the axis of the pipe or to the taper? What is the 
shape of the threads? How many are complete and how many incomplete ? 
All these little points are now forgotten, but for some years round about 
1914 they were a source of constant discussion and argument, and, more 
important, they were often the cause of mechanical difficulties, even 
resulting in the loss of wells. 

Whilst it is largely immaterial who is responsible, provided the object 
is achieved, it is a fact that British oil engineers played by far the greater 
part in effecting this standardization. Prior to complete standardization 
and accuracy of screwing, threads of couplings were electro-galvanized to 
introduce a form of metallic lubricant, but, if the threads of pipe and 
coupling were not accurately matched, when screwed up they forced cach 
other into a neutral position, and on unscrewing it would be found that the 
well-known “‘ galling ’’ of the threads had occurred. If the threads were 
perfect to begin with, however, the galvanizing had a very beneficial 
effect, and it is of considerable use to-day. Where there is no corrosive 
effect on the casing, either in the ground or in the water passed through 
(and there are many such places), the galvanized thread permits of recover- 
ing casing for re-use, which is particularly valuable at the present time, 
and the threads of the casing extracted are almost the same as they were 
when the casing was installed. 

In my opinion, therefore, the answer to the question is that the improved 
quality of the casing and the strength and accuracy.of the screwed couplings 
and tool-joints are the main reasons why we can reach these hitherto 
unthought-of depths. 

The next big development will be a method of delivering power to the 
point of the drill. There is no other example in engineering history where 
considerable power is applied at one end of a drill pipe to be used at the 
other end which may be up to three miles away. 


Production. 


In the production branch of the industry great progress has been made. 
It has been stated cruelly and quite erroneously that the production 
superintendent in the old days was the least efficient driller to be found 
on the property. Whatever he may have been in the past, he is now, and 
has to be, a man of very considerable scientific knowledge and experience. 

Pumping systems have been improved, both with individual and with 
collective drive. 

Indirect and direct gas-lifts are employed to a greater extent. They 
are, of course, directly allied to air-lift, which has been used for many 
years by engineers for the transference of liquids. The plunger lift pro- 
vides a good example of engineering workmanship. The plunger, which 
is about 8 in. or 9 in. in length, operates in special reamered production 
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tubing 2 in. or 2} in. in diameter, forming, in effect, a cylinder several 


thousand feet in length. The plunger, operated by the formation of gas . 


in the well, carries upwards a plug of oil and falls back by gravity.. The 
number of trips per day is recorded graphically. 

The first of these plunger lifts to come under my observation, examined 
after having. travelled 35,000 miles, showed no measurable amount of 
wear. Excess of wax or sand in the oil definitely affects the behaviour of 
the plunger lift, the former being more easy to deal with than the latter. 
A plunger lift is probably the cheapest form of production next to a flowing 
well, although perhaps on an electrically equipped field some of the large- 
group pumping systems may be a little more economical. Whether 
flowing or artificially produced, whether high- or low-pressure production, 
whether large or small wells, each well on an oilfield to-day has individual 
consideration and attention from the production superintendent and his 
staff, who know the strong and weak points of their wells as a doctor knows 
his patients. Probably they know them better, because the doctor's 
patients do not always tell him the truth. 

There is a marked reduction in the waste of gas. The gas/oil ratio is 
carefully studied, and the gas produced with the crude oil is utilized in 
lifting the oil or in re-pressuring or for fuel, and finally any surplus is 
manufactured into products which at any time are of value, and are 
particularly so at the present time. A little surplus high-pressure gas is 
very useful on a property. In one case the production engineer has made 
a number of small vessels out of large-sized casing. These receive the oil 
from the collecting tanks. When the oil reaches a pre-determined level, a 
ball valve operates and admits high-pressure gas, which expels the oil 
forward to the service tanks. All that remains to be done is to instal a 
meter of some kind to measure the number of shots a day, and the amount 
of oil that has been passed from a certain area to the service tanks is 
recorded. 


Refinery. 


The general requirements of the refinery are high-pressure and low- 
pressure steam, electric power, water, and sewage. The first three can be, 
and have been, dealt with by utilizing the flexibility of the steam turbine. 
High-pressure steam is generated at 250 lb. and supplied to the turbine, 
and it passes out of the turbine at 40 lb., the energy in the steam in reducing 
pressure from 250 to 40 Ib: being expressed as electrical energy. The 
machine is quite automatic. It will produce all electricity or all low- 
pressure steam, or any varying proportions of them. In the case of a 
shale-oil refinery, steam can be drawn from the turbine at about 3 lb. or 
4 Ib. pressure for use in the retorts. 


Distillation. 

The distillation plant of 1914 is well known, if only as a historical piece. 
It consisted of a number of horizontal cylindrical stills, assembled at 
different levels, and connected either in parallel or in series, as required. 
Should those stills be 19 ft. long and 7 ft. in diameter, they would probably 
be a product of Scotland. The introduction of internal flues, as in a 
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Lancashire boiler, increased the heating surface, which we now know to 
be, for the most part, a step in the wrong direction. 

It must be remembered that at this time there was an air of secrecy 
regarding all petroleum matters, and that also applied to distillation plant. 
For example, it was not thought possible or desirable that any single 
engineering firm should be able to manufacture a complete bench of stills. 
When called upon to develop some such units, one asked the latent heat 
and the specific heat of petroleum and its products and other similar 
questions, the replies given indicated that, if those queries were not actually 
improper, they were probing far too deeply into the matter. 

One question asked at that time has, in the light of to-day, proved to 
be momentous—namely, what was the ratio of heating surface to evapora- 
tive surface. This question was rather unfair to our mentors, as we, as 
engineers, did not know what the ratio was for a steam boiler. Some of 
us, struggling towards the light, built a vertical cylindrical still, in which 
the crude oil presented a large disengaging surface, it being turned over and 
over as it was falling down a structure similar to a spiral staircase. Although 
the still received very severe criticism, in my opinion it had at least one 
good feature-—namely, it showed that greater disengaging or evaporative 
surface was required. Distillation practice had been jogging along for 
thirty or forty years without any change. Certainly for some years there 
had been pipe-stills, but in my opinion the great change came when some- 
one definitely provided the heating and evaporative services in two distinct 
vessels, which could be varied in any direction and to any extent, irrespec- 
tive of each other. These are now well known as the pipe-still and the 
fractionating column. From an engineering point of view, I think that 
was the milestone in the progress of distillation. Since that time distillation 
plant has been continuously progressive, to such a degree that a well-known 
U.S.A. designer said a year or two ago that a new plant which took a year 
to build was almost obsolete before it was in commission. 

Time does not permit me to give details of a modern distillation unit, 
but I may say that it includes many additional features which have been 
absorbed from ordinary engineering practice, and there are no insoluble 
or very difficult problems facing the engineer. The position is now very 
different. There is no longer any mystery. A sample of oil is taken to 
a firm that builds distillation units, with the statement: ‘‘ This oil con- 
tains the following products. A plant is required with a throughput of 
3,000 barrels a day. What is the price of it, and when will the plant be 
in commission ? 
Cracking. 

A matter of historical interest which is little known is that one of the 
earliest cracking plants, known as the New Oil Refining Process, was 
installed in the London area under the advisory supervision of our Founder 
President, Sir Boverton Redwood. Its operation ceased at the outbreak 
of the last war. It proved to be a pioneer in its particular direction, and 
a number of plants were modelled later on its principles. 

The plant required for cracking operations calls for stresses and strains 
of materials of which engineers at that time had no previous experience 
to guide them. Even new formule for calculations had to be evolved. 
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For example, in estimating in those days the pressure to burst a 1-in, 
boiler plate, it was assumed that the whole plate fractured simultaneously. 
With a steel wall 4 in. or more thick, such an assumption could not apply, 
Our first experience of this type of plant came when we were asked to 
provide a unit for large-scale experimental work. We, like everyone else, 
had no previous experience to guide us, particularly with regard to the 
reactor vessel. We obtained a specially forged ingot of steel, bored out 
to the required inside diameter, and made a special high-pressure metal 
to metal cover-joint, of which we were rather proud. The remainder of 
the unit presented no particular difficulties. The plant worked for some 
time as an experimental unit, and it was finally installed as a works ex. 
perimental unit in a large refinery. It was designed by two Past-Presidents 
of the Institute, with of course help from the engineers. 

There is continual development in the manufacture of cracking plants, 
but from an engineering point of view they no longer present insoluble 
problems, although there is doubtless room for improvement, which is 
continually taking place. Further experience is available from other 
engineering industries in the matter of stresses and strains of materials. 


Refinery Treatment. 


The first impression of the layman—that is, anyone other than an 
operative chemist—is that refinery treatment operations appeared, at any 
rate at that time, to consist of administering strong doses of sulphuric 
acid followed by doses of caustic soda. This method was repeated at 
intervals so long as the oil showed any recalcitrancy or resistance, and until 
it yielded up, in a most objectionable form, the deleterious matter which 
the chemist wished to remove. The engineer’s problem was in the handling 
of sulphuric acid, the construction of the washers, and, most important, 
the disposal of the acid sludge. The last of those points became such a 
difficulty that investigations took place in all directions to find alternative 
methods of treatment. One enthusiastic research chemist was asked to 
concentrate his whole time and energy on finding a method of desulphurizing 
benzine without the use of acid or soda. Some months later he produced a 
treatment which had the great advantage that the equivalent to the acid 
sludge was dissolved in the spent treated liquid. With natural enthusiasm, 
he introduced this to the oil refiner and the engineer. The former pointed 
out that the medium proposed would attack steel washers to such an extent 
that the process would be impracticable. The research chemist for some 
days suffered from great depression, until the engineer pointed out that 
even if the washers were destroyed and replaced every year, the treatment 
would still be economical. On this basis large-scale operations were carried 
out. A point that had been overlooked was that the material had such an 
affinity for the sulphur compounds that the washers were left untouched. 
That was some years ago, and the washers still exist, but not as washers, 
as they have been displaced for a long time by counter-current continuous 
washers (another progressive improvement developed by members of this 
Institute). Thus an engineer expedited the introduction into the petroleum 
industry of the hypochlorite treatment, which otherwise might have been 
delayed, though not for long, and which is familiar to all of you to-day. 
Incidentally, the hypochlorite was first produced electrolytically. 
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Another problem of treatment for the engineer was the handling of 50 
or 60 tons a day of sulphur dioxide for the Edeleanu plant. Much less was 
known about welding then than“s known to-day. The various vessels 
were riveted, and the rivets and seams were afterwards welded. The plant 
was free from leakage, although combined riveting and welding is considered 
nowadays very bad practice. 

As there has not appeared in the Press for a long time any injunction 
restraining a refinery from making a nuisance with its acid tar, presumably 
some method of dealing with it has been evolved, or other methods similar 
to those mentioned above have been developed, which Sir Boverton 
Redwood would describe as follows : ‘‘ The tendency is for refinery treat- 
ments to be of the suaviter in modo type rather than the fortiter in re”. 


Storage and Transport. 


With regard to surface storage tanks, it is doubtful whether there were 
many of them with wooden roofs in this country in 1914, but there were a 
great many in America, and they were the primary cause of some of the 
huge fires that occurred there. The general improvement of our surface 
storage tanks here was, first, in the direction of reduced steel consumption 
wherever possible without reducing the factor of safety in essential places. 
For instance, it was quite common to find bottom plates ? in. in thickness, 
and they are now } in. A 10,000-ton tank has a surface area of about 
10,000 sq., ft., so every } inch represents roughly 50 tons; therefore by 
reducing a }-in. bottom to a }-in. bottom one saved 100 tons in the storage 
of 10,000 tons of oi]. In the ordinary storage tank there is a ratio between 
the height and the diameter which provides a maximum storage of oil for 
a minimum weight of steel. In actual fact, it is the roof and its supports 
which provide the limit. In a riveted and caulked tank the factor of 
safety of strength of the tank was always calculated through the rivet- 
holes section which meant that the body of the plate was always much 
stronger than the joint. A further step was to cut down the thickness of 
the whole plate and to reinforce the joint with a butt-strap or butt-straps 
such as are used on the Lancashire boiler. Gradually the riveted and 
caulked tank is giving place to the all-electrically-welded tank. For the 
very reason that I have just mentioned, the joint in this case is the strongest 
part of the job, and consequently the plates can be reduced in thickness 
while still providing the same factor of safety. The welded tank with 
the floating roof will probably prove to be the ultimate development in 
surface storage. With floating roofs there is no limitation in size and no 
risk from fire, a fact which is recognized by the insurance companies, who 
charge a much lower premium. The great saving is in the elimination of 
breathing losses. In one case, where small tankers were continuously 
loaded from shore tanks, the breathing losses were estimated to be 5 per 
cent. with the old-type tanks. These were replaced by floating-roof tanks, 
with the result that the breathing losses were less than | per cent. 


Transport. 

With regard to pipe-lines, ordinary screwed and coupled pipe- iin have 
given place to all-welded lines on large permanent installations (an out- 
standing example is the Iraq pipe-line), whilst for lines which are periodically 
lifted and re-laid there are the various types of proprietary or patent joints, 
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There is nothing much to say here in connection with reciprocating 
pumps, which, when they are driven by steam engines, are extravagant in 
steam, and I am inclined to look on them now as a faithful servant of the 


past. 

With regard to centrifugal pumps, this country probably holds the 
premier position in the design, construction, and use of centrifugal 
pumps, particularly high-pressure pumps. There has, of course, been 
ample opportunity to gain experience, owing to their extensive applica. 
tion in the mining industry here, where they deal with water not 
only of a highly corrosive nature, but heavily charged with solid matter, 
Their use effects economy in every direction. Let us take the case of 
a pipe-line running from an oilfield to the coast or to a refinery 
through miles of jungle or desert, where good water is not very plentiful 
and boosting stations are necessary. Usually oil is found in difficult out- 
of-the-way places, and all material of every kind has to be transported to 
the various pumping sites, including cement, bricks and so on; there is 
just a plain desert or jungle, and everything has to be transported to 
the sites. The reduction of material to the minimum possible amount is 
therefore essential, and this involves the use of high-speed plant. 

Another point to remember in the case of a main pipe-line operating 
continuously 168 hours per week is that reliability of pumping plant is 
the first essential. An hour lost is lost for ever. There are cases in which 
steam turbines have run without a stop for two years (I can vouch for 
one which came under my supervision), so that this form of prime mover 
can be considered fairly reliable. It is doubtful whether any other prime 
mover has such a record. As the centrifugal pump is also a very reliable 
piece of machinery, turbines coupled to centrifugal pumps fulfil our require- 
ments. Further, the flexibility of centrifugal pumps permits of their 
operation in series either at short or long distances apart. I will give you 
some particulars in round figures of such an installation, as follows: 
750-h.p. turbines direct coupled to high-lift centrifugal pumps capable of 
pumping 2,000,000 gallons per day at a pressure of 600 lb.; four stations, 
50 miles apart, all capable of being conrected in series—i.e., the discharge 
of one pumping into the suction of the pump in the next station at a slight 
pressure, which is an advantage, particularly in the case of an oil of high 
volatility. So far as can be ascertained, this was the first installation 
of its kind in the world. The plant has been in continuous operation 
since 1919, which is an indication of its reliability. These units were direct 
coupled, and operated efficiently from 1750 to 2000 r.p.m. Turbines of 
much higher speed would have been even more efficient with reduction 
gears to the pumps. Those responsible for the installation considered that 
there were sufficient innovations in what was at the time a revolutionary 

departure from ordinary pipe-line practice. High-speed gears have been 
introduced in extensions of this installation, where the turbines operate 
at 6000 r.p.m., reduced to 1200 for the pumps, and in these further 
developments the units are twice the capacity—namely, 4,000,000 gallons 
per day. 

Centrifugal pumps can, of course, be driven by oil engines, although 
the gearing occasionally presents some difficulty. Provided the cost and 
reliability can be adjusted, the alternative would be to use electrical reduc- 
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tion gears by employing a generator and motors. The centrifugal pump 
js now in common use in every refinery for every purpose, either for hot 
or for cold liquids. In the old type of washer it was used as the agitator. 
It has broken down the conservatism of marine engineers as it is used in 
many ways on board ship, and has even found its way into tankers as a 
cargo-pump. 

One criticism of the centrifugal pump is that it cannot exert pressure 
beyond that for which it was designed ; but that is often turned to an 
advantage. For instance, in the case of a ship being moored a long distance 
from the bunkering station, perhaps round the corner or out of sight, the 
engineer who is receiving the tankers can, when he has the right quantity, 
close the delivery valve; the pump at the pumping station does not build 
up any appreciable rise in pressure. 

The centrifugal pump has also been criticized as being weak on the 
suction side. My experience is that with any pump where the material 
to be pumped has access to the suction side of the pump it will operate. 
One of our operations in drilling is to pump mud loaded with barytes, 
weighing up to 140 lb. weight per cubic foot, through reciprocating pumps. 
Up to date I have not tried a centrifugal pump for this work, but there is 
a record of a mine shaft being sunk in Yorkshire when running sand was 
encountered and centrifugal pumps were installed to pump this sand until 
such time as a refrigerating plant could be commissioned to freeze the 
sand and enable the sides of the shaft to be bricked up and sealed off. 
There was, of course, a certain amount of wear and tear on the pumps 
but they operated successfully. 

Another example of the use of centrifugal pumps to pump almost solid 
material was an installation for the recovery of tin from tin tailings in 
Cornwall, where since the time of the Pheenicians tailings had been run 
into a valley and practically filled it., A barge was equipped with a large 
centrifugal pump driven by an electric motor, and the tailings were pumped 
to plant on the mainland where the tin was recovered. 

Again, there are centrifugal pumps operating at 1800 lb. per square 
inch in a hydraulic system with no accumulator, which indicates the 
flexibility of the pump in both directions. 

The centrifugal pump must have a place as one of the milestones on our 


path of progress. 
Tankers. 


Engineering development in the tanker vessel has largely taken the form 
of improvements in propelling machinery, the diesel-engine direct drive 
having displaced the triple-expansion steam engine. A ship in design 
may be considered as a girder homogeneous throughout its length—that is, it 
should not have any variations in rigidity or flexibility. The foundation 
of a diesel engine calls for rigidity and solidarity. In fact, on land several 
hundred tons of concrete are considered necessary. In using a diesel 
engine for marine drive,-therefore, a compromise is necessary. Whereas 
the diesel engine is decidedly superior in regard to fuel economy, the 
question of reliability and upkeep must also be considered. Assume a 
tanker makes six voyages a year over a certain distance with a triple- 
expansion steam engine and a tanker of similar size propelled by a diesel 
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engine does only four trips a year over the same distance, due to longer 
periods for overhaul, the economy of the diesel is lost and the commercial 
operator would revert to his steam engine. To a group of petroleum 
technologists this may appear to be heresy, but one must look at these 
matters from a commercial point of view. It should be emphasized 
that these remarks apply only to the tanker which is loaded and discharged 
in a few hours, during which time no work is permissible in the engine. 
room. Vessels carrying ordinary cargo often take two to» three weeks 
to load, a similar time to discharge, and possibly several days at inter. 
vening ports. There is no restriction on work in the engine-room during 
these periods. There is ample time, therefore, to effect repairs and make 
adjustments without delay to the ship. This is the reason why the diesel 
engine has displaced steam in the ordinary cargo or tramp steamer. 

Steam turbines with double reduction gears have also been introduced, 
The disadvantage of a mechanically geared turbine is thatit is not reversible ; 
consequently the vessel always has to carry a reversing turbine and, in 
order to reduce the weight as much as possible, its power, compared with 
that of the ahead propulsion, is very much lower. 

The tanker carries cargo only one way, and its pumps for discharging 
cargo are used only a few times each year; nevertheless, they are of con- 
siderable weight, and occupy a large part of the ship which could be used 
for cargo space. 

I suggest that an electric power-station, consisting of high-speed turbo- 
generators, should be installed on the vessel, and that the propeller shaft 
should be driven with slow-speed motors of the rolling-mill type. The 
pumping machinery should consist of centrifugal pumps submerged in 
the cargo tanks, driven by vertical-spindle, totally enclosed motors on deck. 
The space occupied by the older type of pumps should be used for additional 
cargo space, and it would give an increase of at least 10 to 15 per cent. 
Such a vessel could be controlled directly from the bridge, and could 
reverse as well as it could go ahead, and it is very probable that the speed 
could be considerably increased with a small extra cost. 

You may say that there have been electrically propelled vessels in 
existence for many years, such as tramps, liners, and warships. I agree 
with you and I made the above proposal in 1920, after I had been on the 
trial trip of an electrically propelled cargo ship built in this country. 
There is plenty of room for development in this direction. This is one 
branch of the industry where progress lags. After the last war there were 
extraordinary expansions in various directions, and after this war also we 
shall see similar developments. 

To-day I am here to give you a retrospect and not a prophecy, but I 
weuld ask you to consider the possibility of amphibian air tankers carrying 
1000 tons. The Suez or Panama Canals would present no obstacle to 
them. The 1000-ton air tanker is a probability after the war, and will 
prove a formidable competitor to sea-borne tankers. 

I have taken a great interest in the electric propulsion of ships, and 
should not be at all surprised to hear after the war that victory at sea or 
avoidance of defeat had been due to the greater mancuvrability of 
electrically propelled ships. 

You may have noticed that I have devoted a considerable amount of 
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time to the electrical side of my subject and to the part that electricity 
has played in our industry. At any rate, it is proportional to its im- 

rtance. The applications to which I have already referred may be termed 
the benevolent applications. Let us turn now to the malevolent side, 
which comprises lightning, static electricity, and corrosion, the effects of 
which are not confined to the oil industry. ‘ 


Lightning. 

Lightning discharge, as you know, is a dissipation of electrical energy 
generated by the heat of the sun. When the energy is dissipated in a 
short space of time it is popularly known as a flash of lightning. In 
temperate climates the energy is more frequently dissipated quietly, over 
a longer period of time. In neither case is the popular idea borne out that 
the discharge always takes place towards the earth; it is just as common 
the other way. In fact, the flow is not necessarily unidirectional; it may 
alternate with a very high frequency. 

Our problem is to protect our plant from possible damage. I have 
stated on previous occasions that there is no record so far of the destruction 
by lightning of a gas-holder, although it is possible that they are in con- 
tinuous operation dealing with electrical discharges. The reason is that 
the water tank of the holder forms an excellent and permanent good earth. 
In the older type of gas-holders the guides had ornamental finials, which, 
although not necessary, were of assistance in promoting silent discharge. 
In order to complete the analogy, it was the practice at one time to extend 
every third or fourth hand-rail stanchion on the roofs of oil-tanks to a 
height, so that the points of the extensions were above the top of the cone 
of the tank roof, so that, as it were, the whole of the tank was below the 
earth. 

The primary essential in the case of surface storage tanks and similar 
all-metal structures is to ensure that they are effectively and permanently 
earthed. This is of vital importance, as an imperfect or intermittent 
earth is a source of danger. If complete security is desired, arrangements 
should be made whereby the efficiency of the earth connection can be 
periodically tested. Structures which are non-metallic should be enclosed 
for safety in a metallic cage. Good examples of this are Westminster 
Abbey and the London County Hall. There is no method of protection 
against a direct stroke of lightning, but every such stroke is accompanied, 
often at considerable distances from it, by smaller discharges produced 
by induction, and the so-called lightning conductors deal with these and 
the silent discharge previously mentioned. Lightning arrestors fitted to 
overhead wires, tramcars, and telephones are also for this purpose. It 
is probable that in a modern refinery the number of tall metallic columns, 
probably earthed by virtue of the method of installation, form in themselves 
a protection by silent discharge against a violent discharge of lightning. 
Throughout the atmosphere, and probably through the earth crust as 
well, there are always small differences of potential per inch, and it is when 
some atmospheric disturbance takes place and builds these up in opposing 
directions that we get the difference in pressure which may result in a 
destructive discharge. The important thing to do to eliminate that is to 
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promote the silent discharge. Generally speaking, the risk from lightning, 
provided reasonable precautions have been taken, is very small. 

Reference has already been made to storage tanks with wooden roofs, 
Those wooden roofs are covered, for protection from the weather, with 
thin iron sheets, about 24 gauge. Thousands of square feet of that metal 
insulated with the wood in between are in effect an enormous condenser, 
and even with silent discharges, some miles away, the roof becomes literally 
charged up, until finally it discharges over the edge, where, it not being 
oil-tight, explosive gases are escaping. That has been the cause of the large 
fires that have taken place, which could easily have been prevented if the 
roof-plates had been properly earthed at various points. 

In some parts of the world these subsidiary lightning discharges are called 
“ statics,” a misnomer which endows static electricity with power which 
it never can possess. 


Static Electricity. 


I have referred to static electricity as a malevolent agent, but perhaps 
in petroleum and other industries it has been benevolent, inasmuch as it 
has on occasions supplied the answer to a mystery problem which would 
otherwise have been insoluble. Some years ago, in a short paper on the 
causes and prevention of fire, which I presented to this Institute, I 
enumerated the elementary principle essential to a fire or explosion— 
namely, an explosive mixture and a means of ignition coincident and of 
sufficient incendivity to ignite the mixture. 

With regard to the existence of the explosive mixture, at some time 
when a tank or other vessel is being emptied or filled with crude petroleum 
or a product thereof there must be a point when the mixture of air and 
petroleum is explosive. Some years ago a special investigation was made 
by specialists both here and in the tropics, and very rarely, if ever, could 
they succeed in collecting a sample which was explosive. Hence the 
comparative immunity from fire in our industry. 

The other point is whether static electricity can be generated of sufficient 
incendivity and duration to raise the mixture around it to ignition tem- 
perature and ignite it. This is the most debatable point. It is probable 
that static electricity is generated when certain petroleum products are 
pumped at turbulent flow, well above the viscous flow. When centrifugal 
pumps were used as agitators in intermittent washers no trouble was ever 
reported. Possibly the mixture was always too rich. Then it was pre- 
viously assumed that the static electricity was generated by dry particles 
of petrol insulated from each other and rubbing together to form frictional 
electricity. So-called dry cleaning was the only really positive case in 
which static electricity could be depended on to create a fire or explosion 
four or five times out of ten, and it was effectively remedied by adding a 
small percentage of a chemical to the petrol, which made it conductive. 
It is only a comparatively short time ago that oil companies received 

enquiries from dry-cleaning firms for petroleum which was safe for their 
particular industry. We now hear of mixtures of oil and water causing 
trouble which rather contradicts what has been said above. There should 
be no mystery about this matter. Our Standard Methods of Test are 
accepted throughout the world, and they are based on the practical work 
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of our members. With a little special work on this question we should 
be able to issue equally valuable and authoritative information on this 
and other similar points, and this work could be carried out by no body 
better than by the Institute. Should anyone feel disturbed on the matter, 
the preventive action recommended is to maintain oil velocity at viscous 
flow or near to it, and to maintain metallic contact, so that there is no 
possibility of a spark occurring between various portions of a plant; even 
a small piece of chain is quite sufficient. 


Corrosion. 

We may not all accept the theory that all corrosion is caused by galvanic 
action, but there is enough evidence to support that theory. Theories of 
corrosion cause as much discussion as the origin of petroleum, although the 
two great one-time opponents, the acid theory and the electrolytic theory, 
became united some time ago in a common interpretation. The experi- 
ment will be remembered in which a strip of steel is cut into two halves, 
one half being then subjected to strain. If those two halves are placed in 
an electrolyte and connected through a galvanometer it will be seen that 
a current is flowing—that is, the two pieces originally alike have now 
opposite polarities. This is what occurs in a steam boiler. The shell 
plates of the boiler have not been subjected to torsion or stress, whereas 
the ends of the drum have been, and that accounts for the difference 
of polarity. There is enough material in the water of the boiler to act 
as an electrolyte; consequently we get all the multitudinous little 
galvanic couples which give the effect that we know as corrosion. The first 
attempt to deal with this was the introduction of zine plates, which were 
eaten away in protecting the boiler-plates. What they actually did was 
to superimpose one large galvanic battery to neutralize the effect of all the 
small ones. When the zinc plates became coated with other material, as 
they frequently did, their polarity changed, and, instead of protecting 
the boiler-plates, they became attacked themselves. Later a method was 
used which included the fitting into the boiler of a renewable iron anode, 
and an external adjustable supply of electricity was transmitted between 
this and the boiler plates, with effective and permanent benefit. 

In an account in a periodical about a year ago it was stated that, on a 
pipe-line running across a wide-open plain where the soil was corrosive, 
windmills were built at intervals to drive small electric generators, which 
supplied current between the pipe-line and iron anodes driven into the 
ground, to protect the pipe-line from corrosion at the expense of the anodes. 
Quite recently there appeared in the abstracts in our Journal a reference 
to similar protection by the utilization of zinc plates, a retrograde step at 
any time, and particularly undesirable at the present time. In case 
someone is coming forward after hearing this with a scheme to save the 
inner casing of a well in corrosive soil at the expense of the outer casing, 
I had better state at once that Dr. Dunstan and I made this proposal in 
1916. It had a mixed reception, but we had the satisfaction of knowing 
that several years later it was successfully applied on an oilfield. 

As a good deal of this address refers to the past, I should say that in 
connection with boilers there is no question of using zinc plates or any other 
similar method now. It has been discovered that oxygen is the real 
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culprit, and, when the first feed-pump was devised (accidentally, I believe) 
and pumped water into the boiler with no air in it, no corrosion took place, 
Now, of course, de-aerating or de-gasing plant is used in order to remove 
any air from the water, so that no corrosion occurs. 

I might digress for a moment to say that the process of putting an external 
current into the boiler was known as the Cumberland process. During 
the last war I was interested in the building of some tankers, and I was also 
interested in this question of corrosion, so when the first ship came along 
the builders wefe requested to have the Cumberland process fitted to the 
boilers. The reply was to the effect that they would not take any re. 
sponsibility for any new-fangled process in their boilers. Our reply to 
that stated: “ Will you kindly advise us how much credit you are going 
to give us for the zinc plates that are not now required for the boilers ”, 
and the incident was temporarily closed. The first ship fitted with the 
Cumberland process went to the East. After the usual six months of the 
guarantee operation, the guarantee engineer had to open up the boilers to 
make his report, and the report, which was handed to me, read something 
like this: “‘ Never in my long history and experience as a guarantee 
engineer have I opened up boilers and found them in such marvellous 
condition as those of this vessel. This, of course, I attribute in a large 
measure to the infinite care that I always bestow as a guarantee engineer 
and in some small measure to the Cumberland process.”’ 

It will be appreciated that to describe adequately and in any detail the 
subject with which I have dealt to-day would require a whole pre-war 
volume of the Journal and a specialist on each subject for each number. 
I have attempted to give a selection of milestones on the road of progress. 
Electricity I have given a prominent place for various reasons, one being 
that it has probably been the greatest contributor to our progress. You 
will have realized already that there are many applications of electrical 
engineering to which I have made no reference. . 

I hope that such information as I have been able to give you to-day is 
sufficient to show not only the great progress made in the period reviewed, 
but also the contribution to that progress made by our members, a record 
of which the Institute can be justly proud. 
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THE INSTITUTE OF PETROLEUM. 
j LUNCHEON. 
Tvuespay, Ist DecemBer, 1942. 


A joint luncheon of the Institute of Petroleum and the Oil Industries 
Club was held on Tuesday, Ist December, 1942, at the Connaught Rooms, 
Great Queen Street, London, W.C,2, when Mr. C. Dauuey delivered his 
Presidential Address. 

Dr. A. E. — oo in opening the proceedings, said it was a remarkable 
fact that the Institute was meeting on the present occasion under two 
Presidents and had the assistance of two very excellent Secretaries. There 
were not, however, four incomprehensibles but only two incomprehensibles, 
Mr. Dalley and Mr. Coe. 

Many long years ago St. Paul referred to a certain course of action as one 
of supererogation. The work of supererogation which he had to perform 
now was to introduce Mr. Dalley, who was about to deliver his Presidential 
Address. He was sure that he could speak for all the members when he 
said how glad they were to see him amongst them again with renewed 
health and vigour. Both Colonel Auld and he had known Mr. Dalley for 
nearly a quarter of a century, and neither of them had found any serious 
faultinhim. At one time he had held an important position in the Westing- 
house Company, and then, at the end of 1914, he had takeh up another 
more important position in the Anglo-Persian Oil Company. He remem- 
bered Mr. Dalley telling him that one of the first things he was told to do 
there, almost before he had got settled down in his office, was to design a 
dozen tankers. He did it, and the tankers actually floated and carried 
cargoes from various parts of the world! All the time that he had known 
Mr. Dalley he had found him conscientious and immensely hard working, 
and, most important of all, a friend in the truest sense of the word. 

CoLonEL 8. J. AULD said he regarded it as a great privilege to be present 
and to support Dr. Dunstan in his words of commendation of the President. 
He thought the members of the Institute were extremely fortunate in 
having their great friend Christopher Dalley as their President at the 
present time. Mr. Dalley had a hard row to hoe, because it was necessary 
to consider now the building up of the Institute and its activities after the 
war, and in the present difficult times it was a good thing for the Institute 
to have a President who would guide it in the future and build up, on the 
foundation which had at any rate been partly laid, the steel work on which 

the structure would afterwards be carried. 

Mr. Da.uey then spoke, a full report of his address being on pages 1-18. 

Mr. T. Dewnurst closed the proceedings by saying :—In view of the 

subject-matter of the early part of Mr. Dalley’s Address, it is perhaps 
meet and fitting that a geologist should express thanks and appreciation 
to Mr. Dalley on your behalf. The well-known Parliamentary procedure 
known as the debate on the Address is not permissible in the case of a 
Presidential Address, but fortunately a wise provision enables us to 
c2 
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express our thanks and appreciation. In the famous lawsuit between 
Turner and Whistler, Whistler admitted that the disputed picture was 
painted in two hours, but he claimed that it did not represent two hours’ 
painting but the knowledge and the experience of a lifetime. Similarly, 
although the preparation and delivery of Mr. Dalley’s Address may have 
occupied a comparatively short period of time, F claim that nevertheless 
the Address represents the crystallization of the knowledge and the 
experience of a lifetime. It demands and will receive and amply repay 
the closest study and consideration of all of us. Meanwhile all that we 
can do is to express our appreciation and thank our President for giving 
us the fruits of a very long and valuableexperience. I invite you to signify 
in the usual way your appreciation of the Address and your thanks to our 
President. (Applause.) 
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THE NEW EDITION OF THE LP. STANDARD 
METHODS FOR TESTING PETROLEUM AND 
ITS PRODUCTS. 


By J. Cantor, E. P. Driscott and A. OsBorn. 
Summary. 


The new edition of the ‘‘I.P. Standard Methods for Testing Petroleum 
and its Prodacts ’’ represents a thorough revision. 

In the interests of uniformity all the methods have been rewritten in a 
standard format, and in many cases technical improvements developed 
since 1935 have been incorporated. A few methods, which are no longer in 
use, have been discarded, while several new methods have been added. 
Certain methods prescribed in official specifications and not previously stand- 
ardized by the Institute have now been included. Thus the lubricating- 
oil oxidation test required for Ministry of Aircraft Production Specification 
D.T.D.472 has now been published in detail for the first time. Official bodies 
such as the N.P.L. and the M.A.P. have co-operated in the work. 

Amongst new methods may be mentioned the following: Aniline point 
of products which develop high vapour pressure at the aniline point tem- 
perature, diesel fuel diluent in crankcase oils, Abel flash point of viscous 
materials, specific gravity by displacement, flotation, and Westphal balance, 
and a rapid method for sulphur estimation by combustion in a quartz tube. 

Methods for calculating diesel index, viscosity index, and Redwood seconds 
from kinematic viscosity units have been included. A.S.T.M. methods 
newly adopted include colour by Saybolt chromometer, Cleveland flash 
point, gum stability, aviation fuel knock-rating, centrifuge method for sedi- 
ment in fuel oils, and kinematic viscosity by the suspended-level and the 
Fenske viscometers, although the viscosity method has been substantially 
modified. 

The specification for I.P. petroleum spirit has been altered, and the 
thermometer specifications altered and expanded. Certain standard methods, 
previously published only in the Journal, for example, Specific refractivity, 
have been incorporated. 

The paper runs through the present methods, and discusses briefly the 
technical alterations which have been made and the reasons for them. 


THE Institute decided to take advantage of the necessity of reprinting 
the Standard Methods book to introduce a number of new methods 
and modifications of existing methods developed since the previous 
edition. The Editorial Panel was appointed to write the new methods, 
and was also requested in the interests of uniformity, to rewrite all 
the existing methods according to a generally agreed standard format. 
The task proved to be of considerable magnitude, but eventually all the 
corrected proofs were returned to the printers. The Standardization 
Committee then decided that, in view of the extensive nature of the re- 
visions, it would be helpful to the users of the methods to have some 
explanation of the changes and of the reasons for them. The members 
of the Editorial Panel were accordingly invited to present a paper on this 
subject. 

{t is not intended to discuss the strictly editorial changes, except to 
mention that we are aware of misprints and inconsistencies; some, such 
as the occasional variation in style, which will no doubt have been noticed, 
have been due to the rapidity with which the book has been produced. 
We found, as time passed, that our “ journalese * had improved (or de- 
teriorated, according to your views), and that our ideas on style had become 
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modified. It was, however, too late to correct the earlier mistakes without 
considerably delaying publication and, with regret, we were compelled to 
allow these inconsistencies to remain. 

Reverting to the actual technical innovations, we propose to run through 
the methods, directing your attention to the alterations, and stating, as 
far as we are able, the reasons for them. 

We shall not attempt to enumerate the large number of minor changes, 
such as the more detailed instructions for making up reagents and the more 
comprehensive manipulative details given in almost every method. 
We shall discuss only the major alterations, all of which were authorized 
by the Standardization Committee. 

The first of the major changes is found in the Aniline- Point determination, 
for which two of the new A.S8.T.M. thermometers have been adopted. 
These have a more open scale than the former I.P.T. thermometer, and are 
calibrated for 51-mm. immersion, with the result that the immersion 
mark is just above the surface of the mixture of sample and aniline, instead 
of in the cork, as with the former thermometer. Consideration was given 
to the question of adopting the A.S.T.M. method, but it was decided that 
the more complicated mechanical stirring offered no advantages over hand 
stirring. For testing the more volatile components of aviation fuels a 
modification has been introduced requiring the use of a narrow-necked, 
securely corked tube, the sample and aniline being mixed by shaking. 
The aniline point of n-heptane has been allowed as a criterion of aniline 
purity. Although no special procedure has been described for dark 
products, the desirability of such a procedure is recognized. 

The method for the determination of Aromatics has been extended to 
include the range of products from aviation spirit to kerosine. Conse. 
quently a formula has been given for calculating the correction for un. 
saturated components, since the original factor was applicable to motor 
fuels only. 

A procedure for dealing with wet oils has been included in the Ash deter- 
mination. It is considered that rigid standardization of the temperature 
of final ignition would greatly improve this method. For ash determina. 
tion of greases, the sulphation method has been included, in addition to 
the simple ignition method. Although requiring more time and manipula- 
tion, it gives more concordant results. 

The estimation of Asphaltenes has been improved by the introduction 
of a more rigid specification for I.P. petroleum spirit, as there is evidence 
that the variation in paraffin /naphthene ratio permitted by the old specifica- 
tion caused variation in the results. It is recognized that this test is in 
need of further improvement, and it is the intention of the appropriate 
panels to consider the possibility of using other solvents, of fixing the 
quantity of wash liquid, and of extracting wax by means of a refluxing 
process. 

The Burning Test method is unchanged from the revision published in 
the Journal in 1940. It is included in the current Petroleum Board 
Specifications and is, in consequence, in use in the U.S.A. 

In the Calorific Value test the A.S.T.M. method for correcting for radia- 
tion was considered superior to the old I.P.T. method, and has been 
adopted. The thermometer specification is, however, more stringent 
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than that of the A.S.T.M., a modification considered necessary for the 
achievement of satisfactory precision. It may be pointed out that a 
standard procedure is required for the determination of the calorific value 
of gasoline. 

The Ramsbottom Carbon Residue test differs from that of the A.S.T.M. 
in the use of glass instead of steel bulbs (although the A.S.T.M. now per- 
mits glass as a War Emergency measure). Other differences are in sample 
quantities and closer limits for the sample quantities. The present method 
is more comprehensive than the old, covering light distillates and residual 
fuels, and it has been generally amended in accordance with A.I.D. practice. 

The method for the Cloud and Pour Points has been modified only by 
altering the immersion of the Low Cloud-Point Thermometer to cor- 
respond with the recent A.S.T.M. revision. 

In the Cold Test for motor fuels, ete., the A.I.D. practice regarding 
apparatus selection has been standardized—i.e., a ‘‘go and not-go” 
procedure for testing against a specified temperature, and a procedure for 
determination of the actual temperature are provided. 

Following the Standardization Committee’s decision to introduce tests 
called for in official specifications—and not previously adopted by the 
Institute—the determination of Colour by means of the Saybolt instrument 
has been included. This also applies to Diesel Index and the Cleveland 
Open Cup Flash Point Methods. 

In the Demulsification Number method the American method of report- 
ing in seconds has been adopted in place of the previous method (reporting 
in minutes). 

A tentative method for determining Diesel Fue] Diluent in crankcase 
oils has been introduced, dependent on steam distillation at 130° C. This 
method has been in use for many years, and is printed in the hope that 
eventually it will be adopted as a standard method. 

The only difference of note in the Preliminary Distillation of Crude 
Petroleum test is the reference to water in the distillate. It is felt in some 
quarters that a standard scheme for the evaluation of a crude oil, such as 
that suggested in the old test I.P.T.—C.P.3a, should be elaborated. Pend- 
ing the development of such a complete scheme, the A.S.T.M. method for 
determining the naphtha available in a crude oil has been adopted. 

In the case of Gas Oil Distillation, it was found that the original method 
adopted by the A.S.T.M. as well as by the I.P.T. was not in general use. 
The Standardization Committee therefore decided to abandon the collec- 
tion of 50° F. boiling range fractions in separate receivers, and also to stop 
the distillation at 350° C. The distillation of 200 ml. of sample was re- 
tained, so that the same apparatus may be used to obtain the 10 per cent. 
residuum required for the carbon residue tests. A revision of the Cut- 
back Distillation test, in which the residue is poured at 300° C. instead 
of 360° C., was published in the Journal in 194}, and the revised method 
has been included in the new edition without alteration. At the time of 
the revision consideration was given to the possibility of developing a 
method for separating the components of a cut-back which involved a 
minimum of alteration to the properties of the constituents. It was 
recognized that such a method would be very useful, and that investiga- 
tion should be undertaken when the opportunity occurred. The present 


| 
om 
Ad 
Bit 


24 CANTOR, DRISCOLL, AND OSBORN : 


method has, however, proved its value as a rapid, routine, control 
test. 

The Doctor Test has been amplified by adding a method of removing 
hydrogen sulphide and also a confirmatory test for peroxides. 

More rigid specifications have been adopted for Drop-Point cup and 
thermometers; it is hoped that eventually the metal cup will entirely 
replace the glass cup, since the former can be manufactured to closer limits, 
The apparatus and the procedure have been described in much greater 
detail than before. 

Several changes have been made in the procedure for the preparation 
of the specimens for the Ductility test, the most important being that the 
specimens are placed in the water-bath for 30 minutes before removing 
the excess bitumen, as in the A.S.T.M. method. 

The Abel Flash-Point method is the only petroleum test covered by 
legislation, and hence could be altered only editorially. Although the 
original Acts have been repealed and the current legislation does not 
mention the use of a stirrer, nevertheless the stirrer apparatus for viscous 
materials is perpetuated by Orders in Council. The stirrer apparatus 
was referred to in the 1935 edition, but no instructions were given as to its 
use. A suitable procedure for the stirrer apparatus has now been included 
in the method. 

The order of the two procedures for determining Existent Gum has been 
reversed, as the majority of samples tested are of low gum content, and 
consequently must be tested in the larger dish. Previously the test was 
first carried out in the smaller dish, and repeated using a larger quantity 
of sample when the actual weight of gum was less than 5 mg. A specifica- 
tion for glass suitable for the dishes has been given. A shield has been 
prescribed for the potential gum flask to provide protection against ex- 
plosion. In addition to these gum tests, the A.S.T.M. bomb test for gum 
stability has now been included in the I.P. methods. The Gum Panel did 
not consider that this method shows any decided advantages over certain 
other bomb tests, but it has been adopted for the sake of conformity with 
the A.S.T.M. 

The Cetane Number determination, now included in the book for the first 
time, was published in the Journal in 1938. The Diesel Fuel Panel was 
of the opinion that the method possesses certain advantages over the 
A.S.T.M. method, which involves the use of a special engine. 

The 260° F. mixture temperature modification of the C.F.R. method for 
determining the Knock-Rating of aviation fuel had fallen into disuse, and 
has been replaced by the A.S.T.M. method. For experimental fuels of 
over 100 O.N. the modified C.F.R. method, in which the ignition is set at 
17° early, has been retained: this method was published in the Journal 
in 1941. The motor-fuel method has been brought more or less into line 
with the 1941 A.S.T.M. modifications, which include the use of an ice- 
tower for humidity control. The use of an instrument which greatly 
simplifies the setting of the C.F.R. bouncing-pin has been permitted. 
This instrument, which was developed in this country, is the subject of a 
paper published in the Journal for September.* 


* “Spring Tension Balance for Bouncing Pin,’ by P. Draper, J. Inst. Petroleum, 
y I 


1942, 209. 
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The Loss-on-Heating test may now be made on samples containing 
water, provided the water content is not excessive. The time during 
which the material is heated in the oven is limited to a maximum of 
5} hours. The test is no longer applicable to lubricating oils. It is 
generally agreed that the oven specification requires amendment, but this 
has been postponed for the present. 

Another method now published by the Institute for the first time is the 
Lubricating Oil Oxidation Test, prescribed in M.A.P. specification D.T.D. 
472, and which appeared formerly in D.T.D. 109. Many details of appara- 
tus and procedure have been made more precise to ensure good reproduci- 
bility. As with other methods prescribed in official publications, this test 
has been standardized in full consultation with the official body concerned. 

A modification has been made to the grease worker used for the Con- 
sistency test (now “‘ Penetration ”), so that when the plunger is rem6ved 
there remains sufficient sample to be smoothed level with the top of the 
cup. Spatula working has been eliminated, and a special procedure for 
petrolatum added. 

Pending a thorough revision of the Sampling method, which it is hoped 
will be ready for the next edition of the Methods Book, a version based 
largely on the A.S.T.M. has been published as a tentativemethod. Criticism 
of this will probably be of assistance to the panel engaged in producing 
the standard method. The procedure for sampling bitumen in packages, 
published in the Journal in 1938, has been modified, since it was considered 
that the section referring to specification limits was not relevant to the 
sampling method. 

The A.S.T.M. volumetric method for Saponification Number, published in 
1939, has been adopted; it differs but slightly from the former I.P.T. 
method. The later A.S.T.M. version, using methyl ethyl ketone in the 
saponification stage, has not been adopted, owing to lack of experience 
with it in this country. The former I.P.T. gravimetric method has been 
modified only in minor details. 

For the determination of Sediment in fuel oils the A.S.T.M. extraction 
method has been substituted for the centrifuge method previously pub- 
lished, as it is required in certain Petroleum Board Specifications. 

The I.P. Setting Point method has been slightly modified by altering 
the temperature of pouring the sample into the U-tube to 40° to 50° F. 
above the approximate setting point, instead of 15° F. No alterations 
have been made to the Wax Setting Point method, but it is suggested that 
a specification for a thermometer for higher melting waxes be prepared 
for the next revision. 

In the B.S.I. Transformer Oil Sludging test, the 60-120° C. boiling spirit 
formerly specified has been replaced by I.P. spirit, to simplify the supply 
position. Other minor modifications include the use of oil in the mano- 
meters, to prevent humidification of the air after it has passed through 
the drying train, and emptying the sludge flask at a temperature below 
50° C. instead of below 100° C. as formerly. 

For the Ring and Ball Softening Point method the tapered ring has been 
made obligatory for materials of softening point above 80° C., while below 
80° C. either type of ring may be employed. Stirring has now been 
specified throughout. 
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The Specific Gravity section has been considerably expanded, and now 
includes the displacement and flotation methods, and the use of the Westphal 
balance, as well as the hydrometer and pyknometer methods. The hydro. 
meter specifications have been modified slightly to meet the wishes of 
manufacturers. A table showing the relation between A.P.I. gravity 
and specific gravity has been included, together with an extended tem. 
perature coefficient table. 

In the bomb method for Sulphur it is now specified that the bomb shall 
remain unopened for 30 minutes after ignition, to ensure complete absorp. 
tion of sulphur compounds. The volumetric method for determining 
sulphur content by the Lamp method has been improved by the intro. 
duction of bromophenol blue indicator and by advising the use of purified 
air when the atmosphere is not free from sulphur compounds. The new 
A.S.T.M. lamp has not been adopted, in view of lack of experience with 
it in this country, while the use of the new sintered glass absorber has been 
made optional. 

A new rapid method of determining sulphur by combustion in a heated 
quartz tube, followed by titration of the products of combustion absorbed 
in hydrogen peroxide, has been published as a ‘‘ Proposed Method.” It 
is hoped that further experience with this will lead to its adoption as a 
standard method. 

Another new method deals with the detection of corrosive sulphur by 
means of copper strip tests carried out at temperatures and for periods 
which depend on the volatility of the sample under test. 

The only modification in the method for the determination of T.E.L. 
is the revision of the factor for converting lead chromate to ml. T.E.L.| 
gallon. 

The Reid Vapour-Pressure method has been modified in accordance with 
the latest A.S.T.M. method, and provision has been made to cover deter- 
minations at temperatures other than 100° F. 

The multiple-cup bath for Redwood Viscosity, previously described in a 
tentative method, has now been included in the main method. The formula 
for conversion of Redwood seconds to kinematic units has been omitted, 
as tables for the conversion of kinematic viscosity into Redwood viscosity 
are given in an appendix. 

The Kinematic Viscosity method has been considerably enlarged on the 
lines of the A.S.T.M. method, from which, however, it differs considerably. 
Although every endeavour has been made to ensure the highest degree of 
accuracy, the extremely high limits of accuracy at which the A.S.T.M. 
aims have been relaxed in the present method, and the maximum permissible 

error has been raised to 0-3 per cent. In an endeavour to reduce inaccuracy 
due to slight timing errors, a specification for time recording devices, 
supplied by the, N.P.L., has been included, and the minimum time of flow 
has been increased from 80 to 120 seconds. The B.S.I. instrument has 
been included in addition to the suspended level and the Fenske, as well 
as a modified suspended level viscometer designed to minimize top drainage 
error. The square-shouldered suspended level viscometer has not been 
permitted, since its use involves a surface tension correction which is not 
required for the instrument with a spherical shoulder. For the B.S.I. 
instruments sugar solutions are permitted as primary calibrating liquids 
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in addition to water, whilst oil standards of known viscosity are allowed 
as secondary calibrating standards. In the calibration of the No. 1 
suspended level viscometer the A.S.T.M. procedure has been modified 
so that the constant C is dependent on the flow time of water at 68° F., 
and not on the shorter flow times at 100° F. and 130° F. The minimum 
flow time for oil standards has been raised to 200 seconds; oil standards 
whose viscosity has been determined by the N.P.L. are permissible, and a 
clause has been inserted dealing with the stability of oil standards. A 
full description of a thermostatically controlled bath capable of keeping 
within the prescribed temperature limits of + 0-025° F. has been appended ; 
this may prove valuable for other purposes. Specifications for the neces- 
sary highly sensitive thermometers are also included. Tables are given 
for obtaining viscosity index from kinematic viscosity at 100° F. and 210° F. 

The description of the Standard Tar or B.R.T.A. viscometer has been 
modified in accordance with the latest 8.T.P.T.C. specification. Both 
the 10-mm. and 4-mm. cups have now been included. A pretreatment 
(3 hours at 60° C.) has been introduced in order to counteract the effect 
of previous thermal history on samples of asphaltic bitumen cutbacks. 
In addition to this, the method by which the sample is brought to the re- 
quired temperature differs from that of the 8.T.P.T.C. 

The Water-Content method has been enlarged by permitting the use of 
glassware with ground-in joints and a wide range of receivers. The nature 
of the carrier liquid has been altered somewhat to regularize current 
practice. 

The Benzol-Insoluble Sediment and Water determination by means of 
the centrifuge has been adopted from the A.S.T.M. with a slight modifica- 
tion in the use of 90’s benzole instead of American 90 per cent. benzol. 

The Thermometer section has been amplified by the addition of a number 
of new thermometers and, in general, an attempt has been made to conform 
to A.S.T.M. practice for the new thermometers. A notable exception was 
made in the case of the kinematic viscosity bath thermometers, since it 
was considered that sub-divisions of 0-1° F. were not satisfactory for a, 
bath the maximum permitted temperature variations of which were 
+ 0-025° F., and a series of instruments has been specified with sub- 
divisions of 0-05° F. A number of minor amendments have been made 
to the thermometer section, and, in addition, a fundamental alteration 
has been made in the general requirements. Formerly it was stipulated 
that all thermometers must be N.P.L. certified, but this clause was in fact 
observed only for a very small percentage of the instruments in use in the 
industry. In an attempt to regularize the position and to impose some 
check upon the large number of uncertified thermometers which are in 
use, it has now been stipulated that thernlometers certified by the N.P.L. 
shall be used for reference tests, whilst maximum permissible scale errors 
have been prescribed for all thermometers. Manufacturers are expected 
to guarantee that these scale errors are not exceeded, but it is finally the 
responsibility of the user to assure himself that this clause has been satis- 
fied. The maximum permissible scale errors have been so chosen that 
thermometers which comply will be satisfactory for most routine purposes, 
without applying any corrections. However, in order to be sure of obtain- 
ing the degree of precision quoted for most of the methods, it will be 
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necéssary to use N.P.L. certified instruments and to apply the appropriate 
corrections. 

Alterations to some of the thermometer specifications may be necessary 
in the future because of supply difficulties, and the newly formed Apparatus 
Committee intends to consider the desirability of preparing Emergency 
Specifications for the war period. 

In nearly all the methods figures are given for repeatability and repro- 
ducibility, and these do not necessarily conform to A.S.T.M. ideas. A 
great deal of thought and discussion was expended in arriving at these 
figures, which, in the main, are based on actual experience obtained in 
some large petroleum laboratories. The figures are not considered im. 
peccable, and co-operation in improving them for the next edition will be 
welcomed. 

Certain methods have been discarded, since they appear to have fallen 
into disuse; these are determination of expressible oil, dirt, and moisture 
in paraffin scale and of non-volatile matter in white spirit. 

In conclusion, the members of the Editorial Panel would like to thank 
all those who have co-operated with them in their part of the production 
of the new edition. 


DISCUSSION 


THE PRESIDENT said he had not yet had an opportunity of studying the new methods, 
but he hoped that the test with regard to the evaluation of crude petroleum had been 
revised. He did not like to introduce an element of commerce, but it should not be 
possible to buy oil on one method of test given in a publication of the Institute of 
Petroleum and sell it on another method in another publication of the Institute and 
lose money. He thought that such a possibility ought to be eliminated. 


Dr. F. H. Garner said that the Institute had been particularly fortunate in having 
Mr. Driscoll, Mr. Cantor, and Mr. Osborn as the members of the Editorial Panel, 
because of the vast amount of work that had been necessary in the revision. At one 
time it had been hoped to issue the new edition in January of this year, but the work 
had proved to be too much for that to be done. He wished to stress the fact that the 
three members of the Editorial Panel had maintained their keenness throughout, 
even during the stage when the index had to be compiled. Their work had been ably 
helped by the permanent staff of the Institute. 

A special effort had been made to bring the methods of test into line with those of 
the American Sdtiety for Testing Materials. At the moment a reorganization of the 
Standardization Committee was taking place. He was glad to be able to tell the 
members of the Institute that the Council had approved the name of ‘‘ Standardiza. 
tion Committee ’’ in place of ‘‘ Chemical Standardization Committee,’’ because it 
more fully expressed the work which the Committee was doing for the Institute. In 
the reorganization of the Committee which was taking place there were two particular 
aims in view. The first was to make the greatest possible contribution to the war 
effort, and he thought one of the points that had been impressed upon the members 
of the Committee was the importance of the various methods of test from the point 
of view of supplies for the various Armed Forces. There are still several test 
methods dealing with petroleum products in official specifications which are not 
included in ‘‘ Standard Methods for Testing.’’ It was hoped that the details of such 
tests will be standardized in co-operation with the Government Departments, so 
that all test methods required for petroleum products will be included in future 
editions. The second aim in view was to establish closer collaboration with the 
American Society for Testing Materials, which was equally engaged in helping the 
war effort, and in that connection arrangements were being made for the various Sub- 
Committees of the Standardization Committee to collaborate closely with the cor- 
responding Committees of the American Society for Testing Materials. As Mr. 
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Driscoll had mentioned, one of the new Sub-Committees which had been formed was 
an Apparatus Sub-Committee, under the chairmanship of Mr. Jackson, who had 
been very much interested in the subject for a number of years. The Apparatus Sub- 
Committee would consider what relaxation was necessary in the thermometer specifica- 
tions, and so forth, in view of the difficult supply situation at the present time. 

It was hoped that the various Sub-Committees would get to work soon with a view ~ 
to the preparation of a further edition of ‘‘ Standard Methods for Testing ’’ by 
January 1944. 


Dr. A. E. Dunstan said that, like Professor Garner, he had been concerned with 
the Standardization Committee from its inception, and it might interest the members 
to know how far back the efforts of the Institute went in this vastly important matter. 
It was in 1917 that Mr. Alexander Duckham addressed a meeting of the Council and 
put forward his own views on the urgent necessity of the Institute sponsoring definite 
standardized methods of test, and the Council agreed that that was the right thing to 
do, but it was not until 1922 that the Institute actually began to take the work in 
hand. It might interest the meeting to hear of the various Committees that were in 
operation in that year. The Chairman was Mr. Alexander Duckham. Committee 
No. | dealt with natural crudes and methods of analysis thereof, the Chairman being 
Mr. James Kewley ; Committee No. 2, of which he had the honour of being Chairman, 
dealt»with gasoline and other light distillates; Committee No. 3 dealt with kerosines 
and suchlike materials, under the presidency of Mr. Robert Redwood; Commiittee 
No. 4 dealt with lubricating oils, the Chairman being Dr. Thole; Committee No. 5 
dealt with fuel oils, the Chairman being Professor Brame, and Committee No. 6 dealt 
with bitumens, asphalts, and suchlike materials, under the chairmanship of Mr. Hackford. 

He did not think the Institute realized the vast amount it owed to its Standardiza- 
tion Committee. That Committee to-day, under the chairmanship of Dr. Garner, 
comprehended 106 members. Many of them were members of the Institute, and some 
were specialists who had been called in to give the Committee their co-operative 
service. He thought the Institute should express its indebtedness to all those gentle- 
men for the perhaps somewhat thankless wotk which they had done month after 
month and year after year, in order to give the industry authoritative tests on which 
the fullest reliance could be placed. Their names were set out in the volume, but it 
frequently happened that members did not recognize their indebtedness to those who 
carried out work of the kind in question, but just accepted the results of it as a gift 
from the gods. 

With regard to the paper, he thought it would be agreed that Mr. Driscoll had given 
an extremely informative account of a subject which at first sight might not be re- 
garded as particularly interesting. He himself had listened with the greatest interest 
to the way in which Mr. Driscoll had put the various emendations forward and the 
reasons that had led the various Committees to propose them. The volume bore 
favourable comparison with the corresponding A.S.T.M. publication, and he thought 
the Institute might well be proud of producing such a book in the fourth year of the 
war. It contained nearly 400 pages, the paper was extremely good, and the format, 
typography, and diagrams were excellent. 

He thought there should be associated with the 106 members of the Standardization 
Committee the names of some members of the staff of the Institute who had done 
valuable work in connection with the volume, especially Mr. Noble, who had seen it 
through the press, and, before him, Miss Tripp and Mr. George Sell. They had all 
done yeoman service. 

With regard to the collaboration of the Institute with the A.S.T.M., Mr. Kewley 
and he had helped to bring about that collaboration many years ago; in fact, they 
had both been present at the eventful meeting in Chicago when the first octane rating 
method was put forward. The Institute fully realized that nothing could be done 
without such collaboration, and that it must have the active co-operation, sympathy, 
help, and advice of the A.S.T.M., which, in fact, it had had in full measure. He hoped 
that one day there would not be an I.P. standard method book and an A.S.T.M. 
standard method book, but an Anglo-American standard method book, covering the 
requirements of the industry all over the world. 


Mr. J. S. Jackson said that, although the new method book was an exceedingly 
fine work, and he could compliment everybody who had been connected with its 
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production, the Institute should face up to the fact that it was an overflow from the 
past, and that the Institute was still living on its capital. The new book had almost 
been forced upon the Institute by the action of the enemy in destroying the stock 
of the former edition. He wondered whether, if the Germans had not been good 
enough to remove those books, the new edition would have appeared. He had heard 
one or two whispers of criticism from people who wanted to know why in war-time, 
when everyone had so much else to do, the Institute had produced a new method book, 
He thought he was now speaking to a very sympathetic audience, who probably 
knew why it had been produced, but he had heard people say: ‘“‘ We have got the 
A.8.T.M. book. Is not that good enough? In any case this is : only a transcription 
of the A.S.T.M. Why not use those methods, or are you just changing them for the 
sake of changing them?’’ He had a very real admiration for the A.S.T.M. methods, 
and he acknowledged their value, but he ‘thought it was quite obvious that they had 
never met the whole of the requirements of this country, and he did not think they 
ever could. There must always be an I.P. book of methods as well as an A.S.T.M. 
book. There would always be characteristic English methods which would not appear 
in American publications, such as the Redwood Viscometer method, the Abel Flash. 
Point method, the B.S.I. methods, the Air Ministry oxidation method and the method 
for determining the engine performance of diesel fuels. All those were very im. 
portant methods and they must be published in a collection of methods. He thought 
the Institute had a contribution to make on the subject; it should not merely sit 
still and wait for the A.S.T.M. to produce methods. 

He had taken the trouble to go through the new volume to find how many I.P. 
methods there were in it, and he found there were eight unmodified A.S.T.M. methods, 
twenty-six modified A.S.T.M. methods, and forty-one I.P. methods, so that more 
than half were I.P. methods. With regard to the modified methods, he wished to 
remove the impression, if it existed, that they were modified just to make the English 
method different from the American. Every Committee with which he had been 
associated had modified an A.S.T.M. method only if they felt confident that they 
had an improvement to offer. 

It was no use the Institute designing a different method from the A.S.T.M. if it 
was going to do nothing more about it. Dr. Garner had referred to the collaboration 
and co-operation with the A.S.T.M., but personally he thought that this co-operation 
had been more theoretical than practical in the past. He sincerely hoped that it 
would be more active in the future, and that when the Institute decided that it had 
improved an A.S8.T.M. method, it would forthwith take the matter up direct with the 
A.S.T.M. That had already been done very effectively in connection with oil measure- 
ment; the Americans had welcomed the suggestions made, and co-operation was 
proceeding very satisfactorily. He hoped that whenever a Committee of the Institute 
decided on a modification it would not let the matter rest until it had come to some 
final agreement with the A.S.T.M. to carry it through or to drop it. He thought it 
was rather a defect in the new book that there were twenty-six modified A.S.T.M. 
methods in it, because the word “ modified’ always aroused suspicion. People 
wanted to know why the method was modified, whether there was some commercial 
consideration, and so forth. It was rather difficult to find out what the modification 
was; one had to put the two methods side by side and compare them. He would 
like to see the modifications underlined in red, so that one could see what they were, 
but he hoped they would be removed as soon as possible. He thought that twenty- 
six modified methods were far too many. 

He agreed with Dr. Dunstan that standardization meant nothing if it did not 
become international, or at least Anglo-American. The main aim and object on each 
side of the Atlantic should be to reach a common method. 

He would like to make a few comments on the paper that Mr. Driscoll had read. 
The use of heptane presented a:problem with regard to the aniline point, and his com- 
pany had found it necessary to establish a secondary standard. It was a simple 
matter for a laboratory to establish its own secondary standard. 

The Apparatus Sub-Committee was going to tackle the question of thermometers 
and hydrometers for war-time use. 

He thought it was a pity that a drawing of the bouncing-pin spring-tension apparatus 
was not included in the book, because it was not an easy thing to describe, but it could 
be understood easily from a drawing. 
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In conclusion, he would suggest that, however important the Standardization 
Committee and the method book might be, standardization still remained only a 
subsidiary part of the activities of the Institute. He thought the Institute should 
not expend too large a proportion of its energy on the question of standardization, 
because without the general background of the Institute, the status and the influence 
of the method book would be completely lost. 


Mr. J. Romney said he had not had time yet to go through the new volhme very 
carefully, but there were a few minor points that he would like to raise. 

With regard to the sludge test and the question of glassware in that test, no 
tolerances appeared to be included, with the result that there would always be a 
liability for trouble to occur with the suppliers of glassware. Obviously there must 
be tolerances of some sort, and the buyers might have ideas quite different from the 
suppliers as to what the permissible tolerances should be. He therefore thought it 
would have been a very good idea to include tolerances, and also B.S.I. standard 
ground joints, which quite a number of the leading suppliers of the apparatus in 
question were offering. 

A very important point, which he had raised before the method was published, was 
the influence of condenser-water temperature on the sludge value obtained. The 
present specification permitted a range of 59-68° F., and that could make a consider- 
able difference to the results obtained. If one worked at 59° F. one would get a 
distinctly lower figure than at 68° F. It was true that the Committee had decided 
finally to drop the figures for repeatability and reproducibility in this particular 
instance, but he thought that, had they included even those originally put in, it might 
have been found that the influence of the condenser-water temperature was sufficient 
in itself to introduce variations permitted for reproducibility and certainly for re- 
peatability. Apart from that, he had every reason to believe that many laboratories 
did not observe the requirements with regard to condenser-water temperature. During 
the summer months in many parts of the country it was not possible to get down to 
68° F. in the case of water from water mains or any normal supply. To cool water 
over a period of 45 hours was a difficult and very expensive business. He thought 
it would have been reasonable, therefore, to raise the condenser-water temperature 
to a figure of 70° F. and fix it rigidly within a degree or so on either side. It was 
quite easy to arrange a circulating water system at a slightly elevated temperature. 
It was true that at certain times of the year even 70° F. would be difficult to attain, 
but to raise the temperature above 70° F. would cut across certain other matters. 
There was a B.S.1. specification for transformer oils, and if the condenser-water tem- 
perature and the sludge values obtained were raised considerably, the effect on that 
specification would have to be considered. But in any case he thought a temperature 
of 70° F., which was very near the present upper figure of 68° F., would have been a 
definite advantage. 

With regard to the demulsification number, the change from minutes to seconds 
was not very important, but there was no regulation for differentiating oils of very 
poor demulsibility. He was not thinking of new oils, but of used oils, in which 20 
plus was quite a normal figure. The oil was 20 plus whether there was a separation 
of 19 ml. after 20 minutes or | ml. after 20 minutes. Therefore he thought the scheme 
adopted in his laboratories was a good one—namely, to indicate after the 20 plus the 
‘percentage of the necessary 20 ml. that had separated. Thus an oil described as 
20 plus 90 per cent. was better in demulsification characteristics than one described 
as 20 plus 25 per cent. 

With regard to the drop point, the specification quite rightly advised that in filling 
the cup every care should be taken to eliminate air bubbles, but when a cup was filled 
with grease or petroleum jelly by means of a spatula, it was almost impossible to 
eliminate air bubbles. He would like to know whether anyone present could give 
some definite information as to the difference in the results obtained if the material 
was melted into the cup, which was a very simple operation, and made it very easy to 
eliminate air bubbles, as compared with pressing the material in with a spatula. 

With regard to specific gravity, a formula was given for the conversion of specific 
gravity into A.P.I. figures. He believed there were different formule for materials 
with a specific gravity above 1 and for materials with a specific gravity below 1. 
Certain products—for instance, some of the solvent extracts from oil—had specific 
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gravities above 1, so he thought that, strictly speaking, it might have been better 
to mention that the formula given applied to materials with specific gravities below 1. 

On the subject of reproducibility and repeatability, he did not think any regulations 
covering disputes could have been included in the book, but such cases might occur, 
and it would be interesting to hear the views of the meeting on the correct procedure 
to adopt. For instance, a material might be bought at a certain specific limit, and the 
supplying firm might get a figure inside and the purchasing firm a figure outside that 
limit. On the reproducibility clause, if those two differed from the mean of the two 
by an amount not greater than the limit set for reproducibility, the mean figure was 
acceptable. If that mean figure was just under, did that mean that the purchasing 
firm, which had decided that the material was outside the specification, must accept it ? 

With regard to acidity, all who had had experience in testing used oils knew how 
very difficult it was to get results which agreed with other laboratories on dark used 
oils. It required a great deal of experience to detect the end point, and he thought 
it would have been a very good idea to introduce a potentiometric method, as the 
A.S.T.M. had done. It was a safer method, and not very expensive for people who 
were using an electrical meter of some sort for pH determination. 

On the subject of viscosity, emphasis was placed now on the use of kinematic vis- 
cosity. The International Petroleum Congress wanted to make use of kinematic 
viscosities only, or perhaps to introduce specific gravity as well. He wondered 
whether the Redwood viscometer had been retained more or less as a matter of senti- 
ment. The instrument itself was a fairly poor one, and he did not think there was 
much point in retaining it. It was suggested in the book that viscosity tests should 
be carried out by kinematic methods, and then, if desired, the results could be con- 
verted, by means of the table given, into Redwood seconds. 


Mr. E. A. Evans said that those who had been connected with the subject of 
standardization for many years, as he had been, might perhaps regard it with a little 
more sentimental feeling than those who had come to deal with it during recent years. 
Dr. Dunstan had already said that a great deal of very useful pioneer work had been 
done, and he admired the patience of those who had carried it out. It was true that 
the work of sorting out the various standard methods required a great deal of patience, 
because so many people’s points of view and policies had to be considered, as well as 
the question of accuracy. He could foresee a great many remarks being made in 
the very near future on the question of accuracy. -In the book the limits of accuracy 
were stated. There were people who worked accurately normally, having all the 
apparatus, the facilities, and the acumen for it, but there were others who were not 
so happily situated, such as consulting chemists and people in industry of various 
kinds, who had not specialized in the art of examining oils, and they might feel that 
many of the methods given in the book demanded far too high a standard of accuracy. 
The Standardization Committee would be very glad to receive comments from any 
laboratories that felt too high a standard of accuracy was aimed at. It must’ be re- 
membered that the standard method was what might be described amongst the 
members of the Institute as a legal standard. It was a thing to be aimed at. If 
people decided to work to a lower degree of accuracy, they were perfectly at liberty 
to do so in their own organizations; the Institute could not lay down any standards 
for them. He did not, however, see eye to eye with Mr. Romney about difficulty 
arising between buyer and seller in connection with the limits of accuracy, because if 
@ person contracted to buy a particular article, it was surely the duty of the seller to 
make quite sure that the article was within the agreed limits inclusive of accuracy 
tolerances. Supposing, for instance, a person said that he must have a minimum 
V.I. of 85; if there was an error of 3 points by the standard method, it was the duty 
of the seller to give a V.I. of 88. A commercial man might say: ‘‘ That is going to 
cost me Id. or 1}d. per gallon more.’’ That was just too bad, but if he had given a 
definite guarantee of 85, it was his duty to give 85, and that was all that the Institute 
was concerned about in the standard methods. 

Mr. Romney had referred to difficulties in the determination of acidity and de- 
mulsification value of used oils. The Standardization Committee had definitely 
eliminated from its standard methods the subject of used oils. It had given a great 
deal of thought to the matter, and had decided that there were too many difficulties 
connected with standardizing the examination of used oils. Perhaps at some future 
time it might be able to deal with them, but at the moment it could not. 
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With regard to defining the demulsification value in seconds, he was rather sorry 
that that had come to be standardized. He could remember when, not very many 
years ago, the loss on evaporation of transformer oils caused electrical engineers a 
good deal of consternation, because they said the figure was too high. They said : 

“Imagine putting an oil into a transformer with an evaporation loss of 7 per cent. 
At the end of a year how much oil would be left?’’ They had not realized that it 
was purely an empirical figure. To ease the difficulty, the method of estimation was 
changed to give a figure of about 3 per cent. Happiness has reigned ever since. 
Now that the demulsification value is to be given in seconds instead of minutes, it 
would be changed from, say, 3 to 180. What will the users do about it? He thought 
it would need a good deal of patient education to convince them that the higher 
figure was not alarming. He did not feel very happy about describing demulsifica- 
tion in any other way than that in use at the present time. If what happened after 
20 plus was reached was described, he thought it would frighten the turbine engineers. 
At present, when they see the maximum value put on reports, there is at times a 
tendency for alarm. It should be possible to convince them that the demulsification 
is merely pointing out a hazard and nothing more, If there was no water in the set, 
then there was no hazard. 

With regard to the electrical method of determining acidity, the Standardization 
Committee had given it a great deal of thought, and had decided that the method was 
not sufficiently far advanced to be included as a standard method. 
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Mr. R. A. Fraser said there were a few points that he would like to mention in 
connection with lubricating oils, with a view to their being considered before the 
publication of the next edition of *‘ Standard Methods for Testing.”’ 

One was a point that he had noted in connection with the testing of dark-coloured 
oils for acidity. Some time ago, when testing dark-coloured oils for acidity, he used 
thymolphthalein as an indicator; it gave a dark blue colour at about the same pH 
as phenolphthalein, and it worked quite well. 

In connection with the Ramsbottom carbon residue test, in the description of the 
apparatus there was a warning that care should be taken to see that the recording 
instrument was protected from the heat radiated by the bath. He suggested that 
the words ‘‘ and leads’’ should be added after ‘‘ recording instrument,’’ because he 
had experienced some difficulty through those leads being affected by the heat, and 
had to wrap them with asbestos string to overcome this. 

With regard to the demulsification number, it was suggested in the test that steam- 
ing should be carried on until a definite volume of oil and water had condensed in 
the tube, and that this should take a certain time—i.e., 4-6-5 minutes. That volume 
of oil and water was very difficult to estimate, although it was true that the state- 
ment was made that the apparent volume would be greater than the actual volume 
by 12-15 ml., owing to the displacement caused by steam, thermometer, and steam- 
delivery tube. He suggested that some consideration should be given to the question 
of steaming for a definite time, and then repeating the test if the volume of oil and 
water in the oil-container was not 40 - 3 ml. 

A very useful table was given for viscosity index based on centistokes at 100° F. 
and 210° F. This meant that one had to have the centistokes at 210° F., which would 
involve a separate determination, and he wondered whether some use could not be 
made of the charts by Docksey, Hands, and Hayward, published in the Journal in 
1934, giving viscosity indices from the kinematic viscosity at 100° F. and 200° F., 
which anyone doing viscosities for conversion to Redwood seconds at the usual tem- 
peratures would already have. 

With regard to the conversion of kinematic viscosity into Redwood viscosity, he 
wondered whether in the next edition of the volume the nomogram could be repro- 
duced which was published in the Journal in 1936, and which gave centistokes and 
Redwood viscosities on either side of the line. It was much easier to use than a table. 


Mr. E. P. Drisco.t, in replying to Mr. Romney’s points not already dealt with by 
Mr. Ev oma, said that the draft of the Sludge Test method had been referred to the 
British Standards Institution by the Standardization Committee. The B.S.I. Com- 
mittee accepted the proposed amendments, and stated that the test was in course 
of revision, particularly as regards the condenser-water temperature and, he believed, 
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the use of ground-glass apparatus. As these modifications had not yet received 
the official approval of the B.S.I., they could not be published in the present edition 
of the book. 

With regard to the drop-point method, the difficulty of eliminating air bubbles 
when filling the cup by means of a spatula had been considered, but it was decided 
to retain this procedure. 

Referring to the points raised by Mr. Fraser, Mr. Driscoll said that, in the Rams. 
bottom carbon test, it was intended that the term ‘‘ recording instrument ’’ should 
include the leads. He agreed that the phrase ‘‘ and leads’’ should be inserted in 
the next edition. With regard to the demulsification test, perhaps the appropriate 
sub-committee would consider Mr. Fraser’s suggestion. 

The viscosity index based on determinations of viscosity at 100° F. and 210° F, 
was adopted in order to come into line with the A.S.T.M. In this case the modifica. 
tion to the A.S.T.M. method consisted simply in the examples and the omission of 
Saybolt viscosities. 

With regard to the inclusion of the nomogram for the conversion of kinematic 
viscosity to Redwood seconds, Professor Garner could deal with that better than he 
could. 


Dr. F. H. GARNER said there was a danger in including a nomogram in addition 
to the table, as if there were two alternative methods in any standard methods of 
test there might be slight disagreement. It was therefore better to have one definite 
method. 

With regard to the question of basing the viscosity index at 100% F. and 200° F., 
instead of on 100° F. and 210° F., that was a difficult problem, because there were 
slight differences in the conversion from 200° F. to 210° F., which depended on the 
viscosity index. It would probably be possible to make 100° F. and 200° F. the 
basis for viscosity index determinations, but in view of the adoption of 210° F. for 
viscosity determinations in centistokes for certain types of lubricating oils, there was 
no immediate necessity; viscosities at 100° F. and 210° F. can be readily determined 
from viscosities at any other two temperatures in the same range with almost as great 
an accuracy as the original determinations of viscosity. 


Mr. J. Cantor said that the change from minutes to seconds in the case of the 
demulsification number had been made in order to conform with the A.S.T.M. practice. 
There did not seem to be much point in recording in minutes when the A.S.T.M. 
recorded in seconds. 

With regard to the acidity of used oils, he agreed that the end point could in the 
case of dark oils be seen more easily by the use of a different indicator such as alkali 
blue or thymolphthalein, and he thought the Standardization Committee should 
give consideration to that point. 

As to the viscosity index, the reason that had been put forward for using a tem- 
perature of 200° F. instead of 210° F. was that that was the temperature more often 
used in the Redwood viscosity test. The advantage of being able to calculate Red- 
wood viscosity from kinematic at that temperature instead of at 210° F. was not great 
and the reverse process, i.e., calculating kinematic from Redwood and then calculat- 
ing viscosity index was not possible since the Redwood viscosity method was not 
accurate enough to lead to a true figure for viscosity index. 


Mr. A. OsBorN said the reason a sketch of the bouncing-pin spring-tension apparatus 
was not given in the volume was that a complete description of the instrument was 
to be published in the Journal shortly, and had, in fact, been the subject of a paper 
in the September issue. 

With regard to the conversion of specific gravity to A.P.I. figures, the formula 
given applied to all petroleum products in accordance with the decision of the American 
Petroleum Institute, the U.S. Bureau of Mines, and the U.S. Bureau of Standards to 
adopt this formula, and so avoid any confusion resulting from the use of two scales. 


On the motion of Tae PRESIDENT, a vote of thanks was accorded to the authors 
of the paper, and also to all those who had contributed to the production of the new 
edition of the ‘‘ Standard Methods for Testing,’ and the meeting then terminated. 
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EDITORIAL NOTE. 


It has been suggested that a useful purpose would be served by continuing the 
discussion on methods of test in the Journal. The Editor will be pleased to receive 
criticisms of the present methods, suggested modifications or new tests for considera- 
tion by the appropriate Sub-Committee of the Standardization Committee. Such 
criticisms and suggestions, together with the views of the Sub-Committees, should, 
it is felt, form a valuable new section of the Journal. 


ERRATA. 


The following corrections were inadvertently omitted in the final revision of 
“Standard Methods :— 


p. 268. Table IV, last column: The sp. gr. at 60° F./60° F. corresponding with 
83 Deg. A.P.I. should be 0-6597. 

p. 380. “I.P. Aniline Point—Low"’ thermometer specification should read 
** Range—38° C. to 42° C.”” 

p. 381. ‘* I.P. Cleveland "’ thermometer specification should read ‘‘ Figured at each 
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